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PREFACE

The analysis and design summarized herein was sponsored by the National

Aeronautics and Space Administration (NASA) Luwis Research Center, Facilities %

Engineering Division, Cleveland, Ohio.

This study was performed by personnel of the Structural Mechanics Divi-

sion (SMD), Structures Laboratory (SL), US Army Engineer Waterways Experiment

- Station (WES), under the general supervision of Mr. Bryant Mather, Chief, SL, %F

and Mr. James T. Ballard, Assistant Chief, SL, and under the direct supervi-

sion of Dr. Jimmy P. Balsara, Chief, SMD. Dr. Sam A. Kiger, SMD, was the

project manager. This report was prepared by Mr. Richard C. Dove, SMD, and

Dr. Kiger. Messrs. Mark K. McVay and David R. Coltharp, SMD, provided experi-

mental data used in the verification of this analysis.

COL Allen F. Grum, USA, was Director of WES during the preparation and

publication of this report. Dr. Robert W. Whalin was Technical Director.
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CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF MEASUREMENT

Non-SI units of measurement used in this report may be converted to SI (metric)

units as follows:

Multiply By To Obtain

degrees (angle) 0.01745329 radians

feet 0.3048 metres

inches 2.54 centimetres

inches per foot 8.33 centimetres per metre

kips (force) per square inch 6.894757 megapascals

pounds (force) 4.448222 newtons

pounds (force) per square inch 6.894757 kilopascals

pounds (mass) 0.4535924 kilograms

square inches per foot 21.166667 square centimetres per metre
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BLAST ANALYSIS AND DESIGN OF ROCKET ENGINE

TEST FACILITY CONTROL ROOMS 
".

INTRODUCTION:

In June 1985, the NASA Lewis Research Center began preliminary engineering

design work on the expansion of their Rocket Engine Test Facility. One option

for this expansion is the construction of an additional control room on top of

the existing control room. Because of the proximity of the control rooms to

potentially high-explosive materials, it was decided that the existing control

room should be analyzed to determine its blast resistance. It was also

decided that the proposed additional room be designed with a compatible blast

resistance. NASA requested that the USAE Waterways Experiment Station (WES)

support this effort by providing a blast response analysis of the existing

control room and preliminary design recommendations for the proposed

additional control room.

SCOPE:

An analysis of the existing control room was accomplished using the

"Computer Program for Optimum Nonlinear Dynamic Design of Reinforced Concrete

Slabs under Blast Loading" (CBARCS). This code was developed under the

sponsorship of the Office, Chief of Engineers (OCE), US Army, as a part of the

Computer-Aided Structural Engineering (CASE) Project, and is available at the

National Technical Information Service, Springfield, VA (Reference 1). Only

the wall directly facing the potential explosion position was analyzed, and

since the penetrations in this wall were less than 5 percent of the wall area,

they were ignored. Enhancement of the reflected blast loading due to the

floor and walls of the test chamber adjacent to the control room was included

in the analysis. The analysis determined the response of the wall under

various amounts of high explosive (HE) (TNT equivalent).

To evaluate the safety of the existing control room, data from recent

experimental concrete slabs loaded by explosives under conditions similar to

the existing and proposed control-room walls were examined. These data formed

a basis for judgment as to the conservatism of the analysis procedures used.

The design of the additional control room was also accomplished using the

CBARCS program. Again, the wall facing the potential explosion position was

considered the critical structural element. The CBARCS program optimization

feature was used to iterate to a concrete thickness and a steel percentage

V *.. . . . . ....
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which resulted in the most cost-effective structure. The explosion position

was simplified by making the conservative assumption that the explosion took

place at the elevation of the wall.

ANALYSIS OF EXISTING CONTROL ROOM:

The existing control-room wall was analyzed using the CBARCS program.

This program uses yield line theory to analyze concrete slabs under high-

explosive blast loads. The structure is idealized as a single-degree-of-

freedom model. The program is consistent with the Army Technical Manual

TM 5-1300, "Structures to Resist the Effects of Accidental Explosions"

(Reference 2) and allows for the consideration of various slab edge

conditions, penetrations, explosive types, explosive confinement, and

reflection loading. It should be noted that this program is to be used for

preliminary design and analysis only. Final design and analysis, including

reinforcing details, should be in accordance with TM 5-1300.

Figure 1 shows the wall configuration and explosion position input into

the CBARCS program for the existing control-room wall. The program output is

shown in Appendix A. Results from different explosive weights indicate that a

small increase in charge weight can result in a disproportionately greater

increase in the corresponding wall deflection. Figure 2 shows this

relationship and shows the charge weight which corresponds to various degrees

of structural damage, i.e., in. of deflection.

TM 5-1300 indicates that a concrete slab without laced reinforcing is

considered to fail at a 2-degree* support rotation to avoid buckling of

compressive steel. According to the CBARCS program, this amount of rotation

takes place under an explosive load of 900 lb of TNT and is equivalent to

0.70-in. deflection. However, TM 5-1300 also states in Chapter 6,

Section 6-2, that a category-1 protection wall for personnel protection is

allowed a support rotation of 5 degrees for laced reinforcement. Past

experience at WES has shown that a concrete slab reinforced with conventional

shear stirrups can sustain a support rotation of at least 5 degrees without

failure. This does not prove that the control-room wall in question could

rotate 5 degrees without failure, but it does point out the relative

conservatism of the 2-degree rotation criteria.

* A table of factors for converting non-Si units of measurement to SI (metric)

units is presented un page 2.

5
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COMPARISON OF ANALYSIS WITH EXPERIMENTAL DATA

The safety of the CBARCS analysis of the existing control-room wall can be

evaluated by using data from a recent series of experiments conducted by

Mr. Mark McVay at WES. The purpose of these tests was to evaluate different

antispalling schemes for a concrete wall loaded by a cased TNT charge. Two of

the experiments closely simulate the conditions of the existing control-room

wall.

The first experiment was conducted at a scale of 1/2.8 of the control-room

wall. This scales up to a 24-in.-thick wall loaded by a cased charge of

444 lb of TNT at a range of 14.12 ft (Figure 3). The flexural steel ratio was

0.25 percent with a steel strength of 60,000 psi and a concrete strength of

5,200 psi. Shear resistance was provided by 0.152 in. per linear ft of

60.000-psi shear steel. This is comparable to the control-room wall with a

thickness of 24 in. and a steel ratio of 1.55 (considerably more than the 0.25

ratio in the test slab) with a steel strength of 40,000 psi and a concrete

strength of 3,000 psi. Shear steel consisted of 0.40 sq in. per linear ft,
40,000-psi steel for the control room. To judge the conservatism of the
CBARCS program, the program was used to analyze the experimental wall

(Appendix B). This analysis will be directly compared to the experimental

results.

The pressure history as measured at the bottom of the experimental wall is

shown in Figure 4. The total effective impulse calculated by CBARCS was

792.64 psi-msec, while the scaled impulse from the experimental wall, measured

at the position closest to the explosion, was 1,288 psi-msec. Because the

control-room wall has a natural period of 30.4 msec, the wall is impulse

sensitive; therefore, the loading by CBARCS is comparable to that of the

experiment. It should be noted that the CBARCS program applies a uniform

loading function over the entire surface of the wall. In the experimental

case, the pressure was seen to attenuate substantially at increasing distances

away from the source of the explosion. This indicates that CBARCS makes a

conservative estimate of the loading function. The CBARCS structural response

calculations are also shown to be conservative when the program predicts that

the experimental wall should fail in flexure, with a support rotation of
*' 2.3 degrees. The data from the experiment shows that there was essentially no

damage to the wall (Figure 5).

6
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The second experiment was conducted at a scale of 1/4.47 of the control-

room wall. This scales up to a 24-in.-thick wall loaded by a charge of

1,755 lb of TNT at a range of 22.32 ft (Figure 6). The flexural steel ratio

was 0.25 percent with a steel strength of 60,000 psi and a concrete strength , -

of 4,000 psi. Shear steel consisted of 0.24 sq in. per linear ft, 60,000-psi

steel. The CBARCS program was again used to analyze the experimental wall.

This analysis showed that the wall collapsed with a support rotation of

12 degrees (Appendix C). The results of the experimental test .were moderate

damage and flexural response corresponding to approximately a 1.2-degree

support rotation (Figure 7).

The final conclusion as to the capacity of the existing control-room wall

is based on the CBARCS analysis and experimental data. The CBARCS program

indicates that the control-room wall will withstand 900 lb of TNT before it

will fail in flexure. However, when shear is checked as per TM 5-1300, the

shear steel required is greater than that which exists in the wall. The

experimental data indicate otherwise. In both experiments, the shear steel

present was less than that in the control-room wall, yet diagonal shear

failure did not occur. This supports a perception widely held by WES

experimenters that the problem of shear failure is overestimated in TM 5-1300

and other similar blast-design manuals. Also, a comparison of the flexural

response predicted by CBARCS for the experimental walls and the actual

response of these walls shows the extreme conservatism present in the CBARCS

program. Therefore, it is recommended that based on the experimental data the

capacity of the existing control-room wall be considered to be 1 ,000 lb of

TNT.

DESIGN OF ADDITIONAL CONTROL ROOM:

The design of the additional control room was simplified by considering

only the wall facing the potential explosive (Figure 8). This wall was

designed using the CBARCS program and TM 5-1300. The structural optimization

fpature of the CBARCS program was used to develop the least-cost wall to

resist the given load. A detailed explanation of the optimization feature can

be found in the CBARCS User's Guide (Reference 1). Briefly, the program takes

an assumed cost for steel and concrete; sets up a cost function; and with an

assumed starting point, increments the design variables until a minimum cost

in obtained.

7



The CBARCS program's input and output can be seen in Appendix D. A

concrete strength of 4,000 psi and a steel strength of 60,000 psi was used.

No laced shear reinforcement was assumed; therefore, the 2-degree support

rotation failure criteria was used. In th, first computer run, 1,000 lb of

TNT was assumed to explode at the elevation of the wall with no floor or wall

reflections. The wall was assumed to be fixed at all supports. This resulted

in the computer iterating down to the minimum wall thickness of 12 in. and the

minimum steel ratio allowed by the program and recommended by TM 5-1300.

With these results, it was decided that a more economical design may be

possible. The preliminary design of the proposed control room assumed that

the wall facing the explosion hazard was tied into a floor slab to be

constructed on top of the existing control room. This would mean that the

roof of the existing control room and the new slab would have a combined

thickness of 3 ft of concrete. This is grossly overdesigned. If the existing

roof could be used as the proposed floor, a cost savings would result. There

is, however, no economical way to make a moment-transferring connection

between the proposed wall and the existing control room. This means that the

bottom of the proposed wall must be treated as a pinned connection or as a

free edge, if we are going to do away with the floor slab.

The CBARCS design program was rerun, assuming that the bottom was a free

edge (Appendix E). Again, the concrete strength was 4,000 psi, and a steel

strength of 60,000 psi was used. This resulted in a design which required a

12-in.-thick wall with a vertical and horizontal flexural steel requirement of

0.33 percent on both sides. These are nearly the same requirements as for the

fixed-edge case above. In the actual design, It is recommended that shear

studs be provided to connect the proposed wall to the existing control room,

providing a pinned connection at that point. These shear studs must be able

to resist a shear of 13,100 lb per linear ft as per the shear present at the

bottom support in the fixed-edge computer run. Shear stud requirements are

dependent upon the stud layout and geometry chosen by the designers. However,

examination of the literature shows that a reasonable shear stud design is

possible for this loading. Diagonal shear reinforcement in the wall slab must

be provided at 0.22 sq in. per linear ft in both directions, with a minimum

spacing of 12 in. In this way, a safe design can be assured even though the

actual pinned condition falls somewhere between the fixed- and free-edge

conditions which were directly analyzed.

8
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CONCLUSION:

The analysis of the existing control-room wall using the CBARCS program

and TM 5-1300 resulted in a safe design load of 900 lb of TNT equivalent at a

range of 20 ft. This is a conservative estimate due to the 2-degree support

* rotation requirement for unlaced concrete slabs and the conservatism of the

* CBARCS program. This conservatism Is exemplified by a recent experiment where

reinforced concrete walls under roughly comparable conditions showed no damage

after testing. Also, reinforced concrete walls tested under much more severe

conditions exhibited moderate damage and indicated a maximum allowable amount

* of explosive corresponding to about 1,800 lb of TNT at a range of 20 ft. The

experiments in question did not model the enhancement of the blast loading due

to reflection from adjacent walls; however, the moderate damage which resulted

allows us to recommend that a load of 1,000 lb of TNT should be considered the

capacity of the existing control-room wall.

Design calculations for the proposed additional control room using

1,000 lb of TNT equivalent indicated a required wall thickness of 12 in. with

a flexural requirement of 0.33-percent steel vertically and horizontally on

each side. The concrete strength was 4,000 psi, and the steel yield strength

was 60,000 psi with 3 in. of cover concrete. Shear stirrups are required at

0.22 sq in. per linear ft with a minimum spacing of 12 in. Shear studs are

required to tie the proposed control room into the existing concrete. The

studs must resist a shear force of 13,100 lb per linear ft.
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ALLOWABL-E MAX DEFLIECTION 0 71551

r~.I.A.~CA'A:1TV( E)EXCEE DED

on'MA 513 AC *)(TO HI: 0 6 '7)6 -

(::I:NCPF:? ONLY 9:51P 41, () 01

F: 111 VI II 0 1.0[rN'T AT i:Tr2.

:^.5 TAiC L.IM IT P E PS I IST . 55
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I. IL : 101:1. (-).A T [U L.I".(M T 1 i11c) ele.
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* (1:. 1: TIE 1.i .1 :'i :: L iION 1I~ X: 0l I I
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)1 THA T I3 /N 01:39
- oi:. i T ANCII: 1 6,14

.1I. 1: 1> NE- (55: elI'49: . L36

MAX 1. MU.M DIIl 1,: 1 i: (T N 0 701.7 70
I N V T I MA X,'I .M IL.F f : F(LIT ::(N5 669 I
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OUTPUT FOR EXPERIMENTAL WALL NO. 1
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APPENDIX C

OUTPUT FOR EXPERIMENTAL WALL NO. 2
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* tJEPSIO;.r('N * 43/10/01

Ti-ITS PPOGIIAM SH5FOULD BE USED IFOP PR'r E. MINAPY DESIGN
ANDfOP ANALYSIS ONLY. FINAL D)ES'IGN AND/OP ANALYSIS
TN(2I..U)ING PEI:.]N:T3CPC:E:ME:NT I AC ING DEAI SH1-OIJLD 1RE:
IN ACCDOOANOF Wl:I]] [3f rArI MENT (91- THE ARMY TE CHN OJAI
MANUL.31 T M 5- I.3 0 :oo ST'n1 o pES r ci r.11 s I sr flic : IF I: u21 5
OF- ACC' Dor N TA! .r 1:. (1% 1 3)T.CN'i

p

I NP1UT3 NAMiI& (1.i': n T F-!.. : IN / C1i- IA T l :; op C)P 1 :: :i 4:;-

.1*, Pq Uj 3 Nil IL CA 2. I L [F 1 (F'.' [UT11.1 1 1 C, 1:1*' WIk. E T.N TO, -.

Ii.r - c t .:, AI L -*:0I:.'J( M TF Tf FiFI.( (11 WI 011:N'TIKO AT 10P::I:M I'Nn!..

46:

x 1,.

CGA ,/C (2 H N C0 Al.I
-1 ._00) --( 0/010()0 o).3)7 0) 02(.? 0 - l* [( 0 -102.9 0 -

~>(['I 'C 00 1 el..' TAMO 2,~u 20 .00

* 'S~iL 1<WAVI. C..C. AT O[N'.

I -o 'I. Ol I JI - Ilii: F.' -- F11: L O Y trdT P- I (1

1:IAII) f TI MI' yC 1: 0 0 0(5 TA7C SAI.L A! 01TO A 0) '0'' 1)

CAl. :~j 11 100 6ICC 1:) P3TM I Aq iCA .r T_ -: 0(" CW I .0410

Ti.m m )NOC PItONL 1% p i F AC 1''I 6 -140'I

1)1.14~~OP ".. TIN*. 'It IfI 1t'IC e- I tM "lt 4A I.
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BLAST' WAI... HEIGHTr rT ;_,a2

BL-AST' WALL.. LENGTH El 67 0,5

HE IGHT1 OF CHARGE ABO3VE C.P0UNO [, 1 0 .

01ST'. SETEN CHAPIGE & LEFT- F30UNOAUY 1: 1 E!2. 35

PtFEC ION UCODE" 1 0 0 0

10 1, fli AM UL.5.. SE n'71 PA F"A1M":

DUVYAU 1 O DF L OAD 129 313 215 M!1E.AL

221 IE LW L C M Pl. r - 5. 1:16 611 ? PS I 11

;.'.3 1,l 1V1 NC, TI -I 00'l 6,0 IN

IY)Y NAM CI (C(INCR'F 1 H: 'IlI:NG III -1000 0 0

Yr AM 1 CSIL I. I:) H.' i 6000). 001
LH1 ( V;S C( I' ,.I. LIr Ir tC IF fl. ' ''1 0 0(3(1

I-i: IA A. IWAN I DI GIV..S 2 00 00

Akfd?.A Vg: P T RAP'' .1: 0 6!. 0) 60 CLOVE. di /;..10

fl F..ti IP ,T 12:05 rl:*:r I1. F 0 6!0:) O.)VLEII - ., 0 0
Al :V A I I I TI01i': 0: L. IV!.3 C) C),V( CIVII(7.14 /500 r

1101,1. I-01 i 0. VI.. f 0. C I VI.. 1 -1 1 15 0'~( 0IIVKH 3 /(

T (11:I.. . OCNI'i T PUVIE I (AN

(.,1.AN. F4 'T Fl MCMUA01 )I.I..II' F' i5)1

V;M)",'. MU)MIITI I N1I, H 10 :1 1 '(0

fl1J5 (ERAICI<D Morl [NV. I LA1 1. 2'1 05
- M(*)rl.q T ~[NI I~ 1 I A 6/13 0:3

li MUI (R ~ l 1 /.', 1'1. 551130 Ir 6-1
) I TI(.11 Mil 0 1 j j I')I /e

i, I (1 I': ,1 I 1 IN 'Ii MI I 1) JIN I '1 1.c 1, 1 50I I 1

NI p 0 I 'l I. I I if tl :Iitill FIT 67/01I,1 :,

rI " I 1I 'A IUI lI I .r IN f101. AlIM r4 1 rP1 ' o

I~r N 'I. 'N '.111 1 TI 114 1t 0-1G
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LOAD MASS F*ACTOR 0.7250
MASS CONCPFETVr ONLY 3909.20 P

UL (I MATE C P0'S 'TANCE PU. 6. tr

ELASTI DE(2FlPLECT ION LIMITl XE:: 0 829s r IF1 r4EYst, KE c2 
f.-3.a-

M A VS 3909. 400

LOADL( 86,67 1
DLIOAl IO(:N 29-.335
PLSTS rANOFI: (.) 3.10'
511. FFNES S 2 2 . 33D6

* ME:. 10u MAX IMUM DETIt.CT . ION -20 1 2-11.9 66
DIl PA I. (ON / NAi. T' ...) V, IC) 0.u i:3 o i 9

1. UO/['>'5iT ANEEI 1.3i. /1Vl31

I.-IlIi

MA 1v ~: .d::MET :; yr 1( VF.C -Y 1 .151':'C 269 eRV1

* 'AX C/L: VI3EI.. 2 1: (T'v *. 1 s . I -,:I
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APPENDIX D

OUTPUT FOR ADDITIONAL CONTROL ROOM

(FIXED EDGES ASSUMED)
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*CORPS PROGRAM * X0056 *
* VERSION * 83/10/01*

*****************CAUTION ***********

THIS PROGRAM SHOULD BE USED FOR PRELIMINARY DESIGN
AND/OR ANALYSIS ONLY. FINAL DESIGN AND/OR ANALYSIS
INCLUDING REINFORCEMENT PLACING DETAILS SHOULD BE
IN ACCORDANCE WITH DEPARTMENT OF' THE ARMY TE:.CHNICA.o-
MANUAL TM 5--1300, 'ST1RUCTURES TO PESIST THE FFE-C-TS
OF* ACCI DENTAL F:XI.L.JS TONS'

I NPU T NAME OF DATA F:l :1:: I? N 7 CH-APAC,TKS OP lEISS.
HI .CA Pl:P I AC'E 1P'.:t.I iiN lIm: DA TA 1 5 TO CO(:MlE: 1 PO1 TEPM4:14A

I:NPIUi NO I M.(I Il. 101 0 TOl 11.3 1':' WiI: TA FN TO.

* I I.L HIT CAPPAE:a I(O If: F OLITl TT 10 L.:. FLNEl)A.O.AI

>: CL.. P3 ':i1 6) t:P 1.1 6- 1CAM POE WE: 2:2I0. (00 3 .DC

CI 1~l(:: * 1.000 0 .0 10 0 7 0 0 0? 0 D Uill .15 01. 1.: Y2 0 ~10

1rL 1'. INAI T .1 D .- 0' JAMBR I Co00 0

CASl 1.(2'/CWAVL Wl..~ rAlt T. WONJ 11T ::A T~- 0

Ifl.M:: (CT I::I!MI 00 FF9:,Y F Amoo r.: W? 1o AD.~l F.I, I (11:4

Al I II:CI5 T 0I I:) F 000 A :S10 W IWA- 1.1:: T01 0 100

*~~~N PM-1- I!K11 X11.O'ToI: tV? 0UFI . . I? E E G:C ilI (

L ~ ~ 1 1 AMIH:APO E :.S011 1 s:140A m 1 'IAly 6'' I 1::. ' T' ;.W.;CA..C A TI 000

Al I :t 1 Ol:) 1 FT!. 10 0 iM 5C~? FA:T 0 0 0 o

NIDM2. F:FI :A Ir 1



Tpv~N,7,

BLAST WALL HEIGH'T F*T. 12. 50

BLAST WALL LENGTH1 F'T. -17.00

liE IcHU OF CI-IAPGc ABOVE GW.OUtNI FT1 0

01 1:r.02IFE CHAIGE & LEFT* E'CONDAPY FT ' 39 . 00

Pt.:IVL [:_C T'1i ON CODE 0 0) 0 0

Icr~ MPULE 77. 10 PSiI -M5

DUPArION OF LOAD 23.57221 MSEC
I Lt:TI TIOUS PEAKJ PREsSLJPE 6. 5A803 PSI

Eu-i FiC'TIVI: IMPULSE 77.1±8 PSI MS

VIL::I GIl I : !0 0 0 1: N Il...FNC 'T H 5641 00 IN -

V Y N~lMl E G OWC C3CnP.U: I :: ; " IIA .1000 00C

DYNAMIlC !:.T L 5 V Rff:: ' 5 66000 .00-

lHl-- (::'.N;::!1 i ('CINC'I:,. 2 ii 1 NCl R12 1iJA . (000

-rIAI.iCKNi: OV-~ "i *.Nf :I:N-rIVILS 0

rIII'. A. , IJAWO5)4(1IA L: I:U5Cn.S 2.0000

Vpr(1ur(:T Tofl( 11:- 11./Ff' 0. 10003 COVE1U .0000

c)lf~ VI:: , 1,:: 31 1 :l L~. 1./1:FT 0 .'(10003 ()V 2 3 0000

I1(JlU!12' 11'' :./l1 0 .100(0 C~OVR2 ":3 0 0 00

(LI ". UO21Hk I/L)T . I V /T 0 . /100(0 3OE 0000

: 1.C. 1 R:. L. 1* ()N

:;CN(. i~.:2MO I:)I Ui '. P'I: 3 (5 I

1: 1)TIE MOD 51 CIHI (21.../ C; :3N ,I:i2 I I.: a 1.2P

GI-kO :.]5 MC)MI:2NT I NFI(1 2213 67

, V 1:. C x,,AC 1< ii MOM 'iSN[-II:',T' 241 .66

A VE MU0M IN'T :LNI2I] r ':1 126 . 66

AV 12. 1:(GV. I-,F.:,*.N'T ~ 10 .0030

1.) 1 AC(T'0U 4 Mt. , 1. 6 16' 1. 133 ''1''

I.) 1 AC T (.)I*, MIA! 0 3 19671V1.7.

,~l IJUW : Ui.: Ni: ElNFOPI:CL::0 WI:::': :1. 0 5 52 1:i .1 I I.: . WI I) Il

'.1. 160 3P P.' S: : 1: I. IA W, I N W 11)21

r ulVI ~ M:Iit N*T P2:606 fle,

NI..(;AT rI'VI. '. I:1I(L. M1.MKI" 0 2 6( k l 36

ill 1.' 1.1 I.: Ii( ::.I, 7.N T.. MU1I Nr I'306 11

', 'ul-: 1 (N :1 1: YS 1W.,

e1i. I1 1. LmUl::: X [HNOM ).I Dl

I U:', T I r'rN Y 11: L . .:NI.. IL G* . ? Ir P0P 1(0

LOCAT IUN 'e U n : 11DILNI 111:,i ISO1!*( 00
LA . I (1fI :. LA! rnPO:i: TY IL ! / I56

Y IVA "L 1, ")i(I T V 1v. [" T I I;fa. IT I. lIrfU0P 6',N31 ,1 1, Ni: W . 1 1) 111

ir. (1Ark I o IA I IL IT! I ,U ION Al. 1.WI.'LIi 6,:/i 7 .!5 I"1:, [N 1 1) I I

,II Al 1)I 1: 1 iANISE I 140lM 1 ?()::7 N 1 01I. A.~P PRI 7 77 1 "'11
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ALLOWABLE MAX DEFLECTION 5.24169

LOAD MASS [-ACTOP 0 .6030

MASS CNPTEONLY 1896 . *79

F :t: PT Y:r IC:LO. POCINT AT' P'T2

a EASICLIMIT PE PSI 2.09
*E*LASTIC DEFLECTION XE.- 0. 1704

SEC.OND YIELD A'T P'T 3

EL-AS*TO PL AS*TI:C LIMI'T 2. 62
E:LAS TOa -PlA!S#T*[- r to uaL..,:::Cr lI:'N 0 .22328

*LiL'T'fMA1*: PF5T lST'ANCE 5. 75

Si:F: 5 1 < 1 FF N.!'iKE/. 69

* MAS S [896 .79C)

L[C)AD 6 510
DUT.1ION 23 572 I.

riiS 15STANCE . 7 ti6

*i :rI [EWES: S: -1 6"')

GA.S P PC S s i5Ui2C 0, DUPAvvION 0.
*NA TUP1:1AL PEP 10 126. 1l047

MAX IMUM DErlLECT C ON 0 . 784e61.8
TIME? 10 MAXIMUM D' .. CIN39. 351q967
DUVA TI DM1 NA'TIIPAC.-PP10C 0.106616

L.OAD / E.I;TNE1. . 199651
ELASTIC. LEL E Nt.IM'Ir11 213

* MAX r '4oM:K NT I. V VE I..0C T TY ., EC :.6158

in. )I 1 , 7t39 .16
4 ii N:1. .00

* IJ.1I .1 I Al P0:)iNIl V [A061 i S CCNT [NT. X I P 0. I. 10001 : 0I '1I)0OOC.hI. (0 ( l

0(.~) na:

C) 116P;.'!u C) I 0 f n tO 02 .()0 C) 001:::v.C) I. 0o '.00000F,: 0.1. C '0 (; (001l 031

- 0 C)0 C))01: C)1 0 . PC)000 oi:.: 01 C) 1 SAC) O LH 03 C). I 960C)01::: m',:
-0 1.960 DOE 0,'.

0 0 OL 01 [10C

* 0 C) C) I. P) C) C) 00 C) 1.;.?)0C)01:* 00 C) 0 ) 0 1 00C

0 ..P001K 00 C) 0). C
q X) I':. ANos:
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0l.140000E 02 0.400000E: 00 0-100000E: 00

C) S ARE
0 . 116ZN20E: 01 0. 471210E 02 0 . 1OOOOOE 00 0.100000E: 00 0 .100000OE 00

0. 1000001: 00 0 . 200000E 01 0. 106000F. 03 0 .1.960001:- 02
0 .A196000E 02

0,:; O. 1eAS96325E--03
I TEA 0" 1) P 0 . 40000001:....01 OBJ =:0 .20000000E:2-0 1
I r*LE4 I I:. j 0.716~~E- OBJ =--.0. 21999999E01O

o .1272361 0 ).1Y77IJ55OFE 02 0 .1 '12000E 00 0 . 1 12000E: 00 0.1 'W3000E~ 00
0 . :[.-120001:- 00 0.6000001::- 00 0 .1037/100E 03 0 19 60 0 0E 02('-

0. .1.96000f.. 02-
Fv INCTI:: ON CA rI. L S

LI.) NELXT
X) S A3tPE

0 . 1.26000U. 02 0 . -10( 000f: 00 0 eIC) 000 0E: 00

0 , 112 /2C36L: 0:1. 0 . '1/i 7!1!: 01,: 02 0. . 2000 0 )I*. 01-0 ;))(0 0 0I 0 22() ?000 01.OJ
0 . .. '2 000;:; 0 3. 6( 000(1::: 0(30 O.AS.B,0 )OL:: 03'' 0 -. 19 6(3 1 0 ; oi:: 0

0 . .. , 0 0 0E 0;2..

k:0 . >d3L39K 3,
U:P O 0 0 o 1.o69( I .s O. 0 .63AP5 3269E' 0 'I
I'TF 1i::4 :1 F, 0 .7Y16U32'290E 01 01:J 0 67630/11 Fr:: 0 'I

C)..) T'I " 3:3 I 0:.1. 0...' ''. 2 . !: YE;: 0 0 2'I3P 0 0 0 * 0 w 00 0 !~~7 I, 1 0 0I

0 .~ 3.2 00 . o j.:301 1,. F: 00 (3 I033 6,26F.: 03. 0 :1 3 0::02.

I 1.3Nt2 FON rY~ ,-I. 5 . 6

0) '1:t~ 037'): 60'0501

.3 A: I K.. 0 0 5 1 . 0,P 0 /::,!"O' 1: 0 F W 0. 7! ) /:1 1 P0 0" .

)1 7; 1,i) 1) O 09' I j 0.l 0) . 11790F2 03.. (0 - ?63 ' )

I iIM;JUT IIi 1.00 CAL I. 1..
X01' X( ( 3 3

( . '?A000"'.. 0 0 O 16o, ''. (0 0 . .6 I 00

D5



*i 7W-- TvV . ZV, .

Ti'ER 0 P 0.6073)0960E 04 OBJ - 0. 60723626E: OA
ITER 3 P *'0. 60'730668E 04 OBJ = 0. 60723'797E: 04

0. -11658011 01 0.5~319AIE: 02 0 . 239571E-*03 0.239571F.-0 C) (m117E**0

0 . 2421037E-03 0 . 3039(36E 0 3 0 . 188000E 03 0 . 196:396E 02

0 . 196"..)97E 02
1 UNCION CALLS 107

* ~XNEXr(F)
* 0. :20000E 02 0.360009E 00 0.360011E 00

I11E.40 P 0.6()717P73E: 0A1 019) J 0.6071. 7093E 0-1

*.1. T~ C- P 0 6 0 *717 25rV 7F. 01A (JW 0 . 607. 70381wo: 0-1

*0 . e:[65/r.. 0 1. 0 531 650E. 0P 0 0."E 5 0 7.5t ..32E :-. 0 . 7,19,165E 0 J

0 . 71191165A:, 05 0 . 964972E-N W05 0. .1.1300 01:2 03 0 . 1.961400 OE 02

0 . .t760'olE, 02
1UNC I I (IN C AL.L :1 I. 0 6

0. .12000 OE 0;2- 0 . 360000)EO: 00 0 '16(0000E. 00
TC:) TAI. F .JN(L :'1': U .4 CAtL ' 5 1.. 6

U I.. P I IF,: - 060)71.L126: 0-1 C) B 0 . 6071 682SE. 01 ~i xP: I>)2I

(). 1;W0000E 0;2 0. 360000E.. 00 0 A600001 00)

0 , el 1 6!*571 E 01. C) . 3 1. 660[F 02? 0 1.6P1 063 ).~s~~3: 1 1 0 .73037SE ... 0 7

* ~~0 . 3W:132'1F:I*0 7 0 3/l2::0e) 0 .1.110000OE. 03 0 . 19610 QE' 0F!
0 6.I.100E W",~

liI( UA~ IT 1!0 00 TN LENGTHIl- 561 . 00 TN

IIYN M 12 ()CN(I:I~: TV. ' JPE*NU2TI-I 1l00 (). 00o

DYNAMIC i A I II PU 5S 66001) .00

O~~~~~~lt: 1. I:Ni: II)I U 12 INC2HE , 1. 2.0 0C
1(;KWN:, (~)U- ',(\,l*) Ii:NC::I1E' 0

I I I:. T.1 *' l 1_1.i.. 914*-l r I*.I2i.F:J. f:- 2 . 0000

A6141:A 0i. P4 Ii (I I I. V V 1 3:600 I.2C3II. 31 0000
Il. 11110 I I-*:19 ' 1/ 1: yt T. 0 6 )()( CDVI: z~ : 0000

*AiRIE I i I.I 11211 .:L. IDI 1041.I f 0). A1600) CIIVI " A oOOO

1 (1,, M(I MI.N*T I.WN.Pli~eIA 1 .I1"01 C

C1)VE: tI. r;,IIi II MOM III N .I:. .1A *I.I OII.-I
8 ~'AVEI. MUML.. N I IIN[h 00.1 79 /4 1

D 1 AC I C)I P Mt.) : I P 9 1 63 7".3138

DI r~f2C~)I '1) MI) 0 J1 J11. 1.5 11. 1 71:0

.5 D6



ALLOW SHEAR UNREINFORCED WEB 107.16 PSI 964.45 LBS/IN WIDTH

ALLOW SHEAR AT SUPPORT 760.32 PSI 6842.88 LBS/IN WIDTH

UNREINFORCED CONCRETE THETA LE 2 DEC
PRN

POSITIVE VERTICAL MOMENT 17"39.57
NEC.ATIVE VERTICAL MOMENTI 179)39. 57

POSI'IVIr lyE HORIZONTAL MOMENT 17339.56

NEGATIVE HOR:[EZO)NTAL. MOMENT 17339.56
.3

SUPPORT ON 3 SIDES

YIELD LINE X FROM SIDE V

LOCATION YIELD LINE I.ENGTH 202.70

1.(CATION YIEI...D LINE HE:I;HT 150.00

ULTIMArE: LOAD CAPACITY Pt 4. 2? 2 03 -

SHEAR LOAD AT VEPTI:CAI... 5U1PRT 1". 26 1.../IN WIDT'H

SHEAP iLOA) Ar HORIZONTAI. ;tJ::r:'Olcpr 160 72 1.B/IN WIDTH

SIIEA AT DI'TANCE I: )M VEI:T1I"CAL SUPPOPT 54 00 PSI

511F:AR AT Is'rANCE I::I:OM I-IOPIZJNrAl SUpPORT A84.07 PSI -

AI...I...OWAF....E" MAX IF)Fl.I: (."T (A:N 5 . 2469

LOAD MASS F'ACT0 0. 6030

MASS CONCPE:TF ONLY 16 k2.5 . .)2

rFE ofr Yl:l D ELI A:) U:i: N I AT r Pt 2
El AS TI C2 Li1: Mf I. Pl:. P S E 1 '1
EL~.ASTI D 12 Fl-:: 12211 N X12. 0 19

SC:NO YIEL.D AY PT -3

Fl AST " T ]MAS I'r C LI:MI I:i 1. 93
E.L..A T ;~ * AC D :I~5 ::' E: r: C.I:ON 0 . 2?- 727

LT IMA TEl iP: I A lAN: 4 . 22

r-'I...AS1:].C1. EII...E(.; ION .16 1.

U...A ;T (E 1A .I ECTI(2[ )N I.. IMI'T XE 1. . ' i3 .3
':j T"A. F: F N 1::'J 1i ] < I::. ;.,?. 9 /1l

MA') 1 , P 3

1)l JIA I 1. N 0'
TI:: .. : Il T'*N('i,'.? 0

S T I. F FNI: .0l,

GA S. P I::.S Li 1.: 0 )UJIA'T 1 (N 0 .

NA lUFRAf F'P LOD :1 -t( )17l. 696007
MAX 1: MUM [)I:.I.IE Ci ON :1. . 0 1 1U I 1

Y I Mi . T ( MAX I M.JM DFF:'. " ( N -19'I . ,' 1 "(06

DUI4AT i (N / NA tUtJAl. I:)12, T :)) 0 1.59! Y9

J. I ,) J : ) . : ' : -, :.1 [ ' ; I A N ( F ! 1 5 5 ' 75 t 1
l:: 1 ACi;' I I " c )l: D IJ. 1:,( T 10 [ N I..-1 M 1. Tr 1, DI Z,} L. 6

MAX F A:;MI: N i , - Al.. I. vi: l..l. I l Y I 1/ I E t'(:" 2 . 5,6

D7
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APPENDIX E

OUTPUT FOR ADDITIONAL CONTROL ROOM

(ONE FREE EDGE ASSUMED)

El .V



C :ORPS PRO(*.RAM *X0056
* VERSION * 133/10/01*

*****************CAUTION ***********

'THIS PROCRAM SHOULD BE USED FOP PRELIMINARY DESIGN
AND/OR ANALYSIS ONLY. FINAL DESIGN AND/OP ANALYSIS
INCLUDING PEINFORCIE.-MENTr PLACING DETAII.S SHOLD Sr-.:
IN ACCOVIDANCE WITI DEPAPTMENT ()F *TH-E ARMY TE:CHNICA..
MANUAL. I M 5 1300 , 'S'RUCTUrd-S fl] Pfrit:51ST THIE EFFr.*V~s
OF C tDETl. EXPLOSIONS'.

IrN PULT NAME: 1:1 DAT A VI:I V IN I C HAI-4AC TV PS ) i OR Fc:
I.I IT CA I lP.1:AUL PIET U P N I* Df-.TA IS TO CO(::ME I::P(:M IC: PMINAL

ENPFlJ NAIML: (:)I: F: I If. I (:1l*,0 1.1 : 1 ,1 . Y LIT ) 1:1 WI I4 I I 1 E:N TO 4

1111 r '~cAI4I...[ACL:.. l~I::.yI! I~J I0 1::I r ii i fL. PP.[N*TlE AT I LRM INAL.

NWA:A OPI I

F Nf

V )< .. i 1. VV 1i:107 rPC F I 11. ;-lA PL4E WV I Cl-fl (C.F: ) -' :1. 000.
*NUJMI..:L:I, p j:,UW14 I> J2 0 I'M r I . : XPI [JS VE ('(3M IC:) c; lIN 1:.Y w i:7-Ir

KCAI.L G c H N 0: AL..
:L L 0-0 0 0 7C0() 0 :37o0 O. 02 0.1 105 0 1* '3. 0.

I 'AML : i-C I 1./1 6,9 1 AM 2 :I') 20.00

L; APL W .C- IF.L;L - 10 00 AD-)0jLJ 11ED1 W'V (I.- TNT 1 .1. ('00.
C xFr.059 C NIriDC:P .: Fl 2  NVP I'lC;Y V ACTOV 1 0. () 0

V /r) PeLo to : 0. CHAP-1CE I--AFE l:A1~ . 000
(ASI /LHAP.GF: WI 1AY H L) 0 3L:S 2

W lL:I- :~T~ :1. 000)
* ~CI AMF.:[, .1 LIUS3F(' L: 69)P~lISS R SCAI 1::2 I :AL 1131,- 1. 000)

*~~" ElIME 1M ' 0 r). F S TANCY S CAI-E V ACTC)P- 0 9911C -0 1,,
At- L 1:11T1)17 1 (KI: *r 0 T :1MV '. (:; Al.. I 12 ACT.:OP - C F0C

NCl1 MAL I O, I F2
ACT(:3P : 6 . .1 03i

DI .; I ANL.,) ()I LClAI Cl I- 1 M 1DL4. A', I WA^4-. I * 0..00
L..IIAl:GI, 141 TI.A l 1- C~i.: , 1.10 0 0 00

* E2



r.-.-
.. . .. . . . . . . . . . . . . . . . . . . . .

B.LAsr WALL HEIGHT I:F- 12.50
aBL AST WALL LENGTH FT. 4j7 ,00

HE IIT C)V CLH-ARGE ABOVE GROUND 1:: 1 12 .50

DI ST . IA:T4CWEE:N CHARGE & LEFT E3OLNDAPY FT .39. 00
NEYLIECT ICON CODJIE 0 0 0 0

TOTAL IMPULSE 77.18 PSI---MS
DURjATrION OF LOAD 23.5'7221 MSEC
FIC"TTTIOLJS PEAK PRESSJPE 6. 51803 PSI
EIT.FECTIVE IMPULSE '77.10 PSI MS

HEI GHT i' 1'5 00 IN LENGTH 564I. 00 IN

DJYNAM IC C::(:ON(;REI. Cj-TR l4NGT 1- I )0 0 C.
DYNAMIC 5(1 T:.] S FIl S 66000. 00
I-I ICKNZES 1;(N li:C I NCLH:* IF ' :.( 0 000

71 ' K NF5 Of ~ Ci: S'AND' I NC11:: 5 0.SC

TI-ETA Ai. ..OWAI-I.. DV G)~~ Uii V S 2 . 0000

Al 4FA VII RT 7'IP: 1!; 1 .. / F ' C) /10003 C 0VE 11 3,0000
AIiAVER T 11? F I.:. F- 0 '-I)0 C) COVFP 3 . 0000

A PE-.A 1-40I: / TO Iii 5IL F I I:T* (0 10 0 C) (10 VE 0 0 0 C) 0 )(
A HII : BOT11 FF1... /V T 0 I1) 0) 0 C 0 v1:1P 3 .00)0)0

CONC IlL TI)' MODU l..U S I.: I1 S 35 10 15 1 9

G:PCYS'., MOMENT [NI.:p 1: A ;,';-E) - 6 7

AVE C:PIAC<E ) MOM T..NI:PT I'A 2-1. 66
AIL MC:MLNT INFI'r LTA 126,. 66
AVI-.NIAt;E. [f E. ENT FTL 0.1FC 0030
1.),T I MI Ae.) -165 1832/?2P
1) I1 T 0I:! Mt J: C) J3 ' 31.7 ,

A[.LI. )W '*,gll:A;: I INPL r.NF:C:IPCI:) WI 1: I 06 12 15 11 *[ 1 1. 69) 1 I~ N W 1 1.) T1I

6l. 1.1 OW 1iii:.:AP (' I S i'Vor ' ( W' fp', I1:36 5" 1. 1:/I N W I I) II I
t.NI)~ I NI: 1I& ) 11N':P: T 1. 11 VA I.l G .

I I V 101 VI 1! 1A. u(& M112 NI 26 06 H 1:6
N1H. GA 1 1.VI V1I IT I COl.. MIIMI: N C 2 3616 fl16

ITV,5 1, T ' 1 V .(3 I O I ON I l. MCIMI. N T 1 1 36,06 (1, H6
NI . A T I.VV 1011I. ICN T0A.. MCMIN F 21 6006 16

Y 1 1.1. 1.) 1- 1 NI XC [:I l(M lif'1:):

I.. 1.1 AT 1. (ON Yr CII I D I.. I NIE L..1:.NC.' Fl-I P20;. 10

C0I.. F I MA 7I1. I.O(AD I)I APAC. 1. T Y PU*,( 5 7,1,5

'111 P I- Al: AOI VLP F :I:C;AL.., A.,,0IV II e.,90:1. 7H:1 B.2 / 1. N Wi I DIl1.

S I I.:A P I.. lAD PI A 1 l T I N*T A I. 6: : p 72 ;.?5 1.1: / I1N W111) Y1II
-i i l l A F 1.) .1.5 T ANCI IV lIUM VEi::..i CIAI. ::01. (:11: -F o' . o rI)

II.)-AN A 3 LIS N FR1-OM riona, :L/l:N (A.. !7l1:F12 F. 1 / f:'C I

E3
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ALLOWABLE MAX DEFLECTION 5.2469

LOAD MASS FC~p063

MASS rna-u~rONl.Y V396 .79

FT p1; YILD POINT AT PT? ..

El(AS I':rc L IEMI I IlE psi ;., . 0 3

ILAS.TIC DEFLECTION XE 0 .1704 1

5ECLIND YlAILL AT1 1:-r 3i

ELAST iiT 1 2AT.cti T. 62

H ASOO H*, ASAI 7:1 DLI E? 0T N0

ti... 1 1 MAlKw 1w*) 5 1 1 ONCE 5 . 7
Pt.A!!, I (,:: I)L:.LA.(' T 1 OAN 1. 0 K1.6(

(A 11MA TV Nt GV:,l3ANCLE: VN 5 .7 r5
ElAS1:i C D), I 1_1T O V MT. ' Xl. :1. 2 'I

T; A1 I NI:: K V< ZI 69

MA,.), 12e 7(6 90
L 'A)D 6 II

1D(lI A T i:I)N 23 :5771

o F 1I_11 ANO : S 711

1A .1 : NE :', 1 6 93

CA ~ ~ ~ ~ ~ ~ D I NA YF Y IA DoT ON C

NA T Ul1 , ()I P ['PC) 1') 1.26 3'3110d17

MAIX IMOM DEFILE TI ON 0) 78El161.80

TI ME CO MAXlIMUJM DFFL (LAP' 1 :tON .39 .334A967

OUPA011 O.N / NA*TURAL,(I- ('E:1:1: 0. 80663.6

I n C :) A D :: NE ", 1. A NIG.E 1... 1 396,"31.

EA10 C L)A ( I:::Cr i (N t.. : M li 1. .?P2,?33

MAX I: 1AMI: IO) ~I. V1_1 V.0(1 1Y FT*/SC P(: 661,5832

103 Al E ' P 1 T , e ' .

(A t IN I I 00

1 NI1T VAl I( I N i V1(1 or 0 ' , IVTI)AJ: N T X)S, o:: 0 1/100001 2'(3'00001 0'' 0 '1000.

00L, 00

0 n16.''rI: 01I 0 Il11.OF. 02.-0 .;?000001: -0: 0 '00000i:::.0,. -0 1.00000: 01I

C) 2()0()(1:: 0 1 (3 200(1::' (31 (0. 1.06000U." 0 3 0. 196000Fl: 02 .

(0 1. 96e.,1( 020 0 1

TIMI (:1:-ART 0((I II: c:; :rVi:. I I INC I', ION I t:.AT: . (*31:" V IA IIATID[ CO*NS ,1I 'A :. NT NO~ '

E0C 01 I .U:GI 1 1p

(3 . 0 0 I 2(3001:: 03 0 U.10(3 CL. 00 0). .P00 )E 00

E4



.71-

0.140000E 02 0.AO0000E 00 0.400000E 00

MS5 APE
0.446228E 01 O.A71210E 02 0.I00000E 00 0.100000E 00 0.100000E 00
O.100000E 00 0.200000C 01 0.106000E 03 0.196000E 02
0. 196000E 02

P :.- 0. -8956325E 03
ITER o = 0.A0000001E-01 DBJ =~ 0.20O00000E-01
ITER I P "--0. 72161520E:---02 OJBJ =--0.21999999E 01

G) 5 APE
0 .427286E: 01 0 .A'175f0E: 02 0.I.AI2000E 00 0 . :.'12000E: 00 0. 1'2000E 00

0. Iz12000E 00 0 . 600000E 00 0. f1'7400OE:: 03 0 .196000E 02
0 . 196000E 02

I*IJNCT I0N CA L SA

AlL CON'.rPATNrS 1H-AVE- 1J:*.E:,N '.ATISF'IEC) AND PEAL 0EBJECTTVE: FUNCTION WiLLt E MIN.LMIZ
E D NEXT V

X )! APE:.
0). .1.260001: 02 0 . ZOOOOOE 00) 0 . IOOOOOF 00

0 .4272'216E 01 0 . Z177 550 0 2 0 . 2 20000f: 0 1 0 .22O0000l 01. 0 220000:.( 01
0 .2200001] .. 0 . 600000E 00 0 - 1074100E 03 0 .:.960001:' 02 -

0 .196000F., 02

1. : 0 . 345.31539E: (yi!

ITE P -. 0 P: 0. 12697051E 05 CJ 0 . 63-18269E odI

Ih:12 1::- 0 .' 7I6(892901:E 0le OILI 0 . 67630*7411E: OA1

0 .~l2~815:01. 0. 2?126,7: 02 0 2388K-51::: 00 0 .Z 33858E 00 0 .2382711H: 00
0 .23027I.E 00 0 .3011/11017 00 0 .187696F 03 0 .:.939201: 0P.

0 . :1. 93)92 6 E 0;2
II j\(~~ O.JCAI I S :16/1I

I:: 0 /V' ,*3 I. :: ( 0:1.

P, II 0 F, 0 676373001OF 0-1 OBJ 0 .67 6'307I l:1.F Oll
I ~ 9 17 0 . O.1. 51 F01 O .06093.)5 6-rWL: 01l

0. 1:1 69Yl'I1E- 0:1. 0. .,52*-.1 :-I*E 0P 0 . 71'55/30UF02 0 .'755731::* - 0 5 7 0 2

0 '5'5 7201.:.?............. :1. 87990FK 03 0. 1 963t.22F?. 0f?
0 . 196'.,2:::2 01

0.. .?2 OOOPE* 02*- 0.360219F:: 00 0 3160;.6,7:; 00

E:* q

0 3153. :1,5312 01O/

E5
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ITER = 0 P = 0.60730960E 04 OBJ = 0.60723626E 04

I'rER = 3 P = 0.60730668E 04 OBJ - 0.60723"797E 04 4r

GiS ARE
0 .- 4165S 0E: 01 0 .5 Si1Z41E 02 0 . 23957 4E-03 0 .2-3:957 E -0 4 0 .P..2: BL( E*--(3 0
0.2A42137E-03 0.303986E--03 0.188000E 03 0.196396E 02

0. 196397E 02.

FUNCTION CALLS = 107
XNEXT(I) =

0.120000E 02 0.360009E 00 O.360011E 00

P 0.31531539E-'07
ITEP 0 P = 0.607.1-7273E 04 OBJ 0.60717098E 041
IrEP a P " 0 . 6071.7257E 04 (.P., = 0.60717031F 04

C)S ARE

0..416571LE 01 0.531650E 02 0. 7,5,5325F-05 0. 7553'5E-05 0.4,,I946.-Gf5
0 . 14A94A65-OS.05 0.96,4972?E-05 0. :L8(300()E 03 0. 196,400E1 Op-

0.196A00E 02
F:UNCTION CALLS :4 106
XNEXT ()

0. L0000E 02 0. 360000E 00 0. 96o0000F: 00 ""'

T*(''AL_ FUNCT ION CAL.S :: 51.6

I.F:R ", 0 P:" 0 . 6071.726E 041 OBJ 0 607:1. 2fE o0Zl X )s AP:lfE-

O. 11-200001 02 0.360000E 00 0.360000E 00

O. '1657iE 01 0. '1.0E 0l 0 ?. 16:L2?F.E'06 0. 21.61. 1:0 . 0 e 7.03 E -E -0"7
0 . 3037 E-"07 0 . 9.2E"06 0. .1300()(AE 03 0.196e,0l01' W.!

*0. 19 6 -10 0E 02

HE: :::i 150-. 00 IN I..ENGT.1 ,564. 00 IN

DYNAMIC CONCR-ETI TIENTH 4800. 00
DYNAMIC sTEl::FI... ST .:, 5 :5 66000.00"
T.H :1: c5< NE S CON(:,IPE: 1::NC.:S 1.2.0000
THO T C I< NE:-.5 (:)o: ANI:' 1:N .-E 0

lAE TA AE.LA J :L..E DE('PEE1S 2 . 0000 ,

Api: R vii::PT Ioo ' . .. / FT 0 .3600 Oc) VE1:4 3 000o)
A P:Et'F l::. I !5 T ili/F 0 T 3600 Cs TVi :: ,3 0000
-PE:i, P :i:1Z T P: *.Lii.../I: 0. 3600 ;(OU E:: 3 000000

AREA iRo I ,(' ;'Tj. F.r::. / F: 0 3)600 COV I:I: , 0000

l::ONCI: n>. MODULUS P -.35705 19.
M: T]( OD .. .. . ..... 12. :

(3 M o s .~I.... / CO(.N(,E .TF I:i l,1

MO0(0,5 MENT INEP:.:T IA 1. 00 .1 .s
AVE CPAC I<) M)M NFI.A 1. 

b. 
.

AVE MOMENT .INEdI: IA 79. 82 t

AVE::, FCFA( I::'PE I> :NT" STEEL*J. 0. 003,

4 A M291. 63728
D F r(; I(O3P ML3 0 11571178.

E6

WI&A '-14-



ALLOW SHEAR LJNREINFflRCED WEB 107.16 PSI 96A.-15 L85/1*N WIDTH
ALLOW SHIEAR AT SUPPORT 760.32 PSI 6842.88 LBS/IN WIDTH
UNPEINFORCED CONCRETE THETA LE 2 DEG

POSITIVE VERPTICAL MOMENT 17339. 57
NE:(;ATIVE: VE:PTICAL MOMENT 17339. 57
losIrivi:E HORIZONTAL MOMENT 17339 .56

NECATIVE HORIZONTAL MOMENT 17339.56

SUPPORT (IN 3 SIDES
YIrELD LI[NE X FROM SIDE

LOCATION YIlEI.D LINE I..ENGTH 202.7/0
LOCAT(IOE:N YIH lD lINE:: HFEI(:;,HT 150). 00
UlJ.TIMATE LO.CAD CAPACITY PIU 4.2203
5SIIEAP I OAD AT VEP~I: T'CAL. 5SUPF1PO RT 51 F.-26 L.8/ IN WIDTH
5F1IE AT, LOIAD AT HOPIZSNTAL- sLPPOwT A60. 72 L B/ IN W IDTH
5VHEAR Ar DISTANCE FRO-4M VERTICAL SUPPORIT 541. 00 PS ::
!'lIff.AR AT' DI1STANCE, -PIOM HO0P IZONTAL SUPPOFOT 48 e. 0/ PS 1

AL.LOWABI..E MAX I)EFI-L.E.IO--,-T:[N 5 .2/169

I..(:AD MA51 ffACTO V, 0 . 60,30)
MAS5 (X(:N(.r*,ETF:: ONLY 16P5 .02

I:: RST Y I. F:.. IS) P1 )INT' AT U I2
L I..AST I C I I 1M.11 P1. PS I . '49

El..AS . C lS)l::L..l(S:CTAS: ON XlE: 0 . 1996

SECOND Y SI ELD AT P T
EL11AS.0 1:1 LASTIC L.IMIT 1.. 9 3
IL'.AS TO-1IL1AS.:1:C DFET5O 0. 2727
UL.T1I MA T: Pi:~ :15 ANCE Al . 22

Pt.. A S . 5 DE,: .. ESCT 5( (N P .1461

f i.. 1 1: Fv r~ N Id.:i: : I. NS : ~

Rl I; NE S T E /1 0

CAS P::pg:*< j: , IP:: 0 IS)*,'i~iTT0 (N 0
N A YIPI.Jl.. PEP' C): 01) I If 6196007
MAX IMUM 1*I:L.I.:,l ...E C ON 1 004I1 (1.01
1 1IME 10 MAX IMU.M IV'FE I . Cfr i N Al 419 I /106

I).PAY 1 IS N /NA TlJPAl. lo1.9.1. (III 0 5 9 9

MAX FROA;MF*NT SPOlI. I VV:. C:H; :I Y F- I 'J t, 1 el e.

E7 .


